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■ HARRY DARROW BROWN, SWARAJ K. CHATTOPADHYAY and ANIL B. PATBL 
^•XJalveston, Texas. - 

Conditions resembling myopathy have been induced In experimental animals by 
the administration of steroids. Response of animals to these compounds has been ' \ ^ 

reported as characteristically a moderate to severe muscular weakness bearing a 
similarity to myotonia. 1 * 2 Winer, _et al. 3 using 20, 25 diazacholesterol In man 

■WMM 


.and in the goat reported that the drug Induced a delayed muscle fiber relaxation 
after contraction, indistinguishable from naturally occurring myotonia. ■ - v 

■ ‘* ■ *- * 4 r •. * • *' • ^*y i* y 

We have found in man mid in die duck 4 * 5 that certain myopathic states can be J 
correlated with an altered response to the cardiac glycoside, ouabain, of membrane- 
bound ATPase from erythrocyte ghosts and from the sarcoplasmic reticulum of 
skeletal muscle. In the present study we undertook a prolonged administration of 
20, 25 diazacholesterol to rabbits while monitoring the response of isolated erythro- 
cyte-ghosts ATPase to ouabain. Effect of the drug course upon muscle membrane 
ATPase preparations was assayed at the termination of the treatment period. 


Materials and methods 


r 


Fifteen male rabbits (6-7 lbs.) were used in three groups. Each animal from 
Group I was treated with a 5 mg daily dose of 20,25 diazacholesterol In 1 ml of - 
water intramuscularly. Similarly, animals from Group II were given higher doses : rilS8 
of the drug which were progressively increased from 10 mg to 50 mg in 1 ml of 
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water daily. The control Group III, was maintained upon a daily administration of 
1 ml of distilled water. 
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From the Biochemistry Department, The University of Texas Medical Branch at 
Galveston, Texas. 
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Nine to ten ml of blood was collected in-a glass tube containing 10 ml haemo- 
lyzing solution (Tris buffer, 0.002M, pH 7.4, with 0.005M N^EDTA) from each TTTK 
animal. Blood samples were colle cted before the treatment and after 7, 8,11 and 

*. A . • * • "• , , * • , 

13 days of administration. Skek-t: muscle samples were collected after 16 days • '•. >&,%.■ 
of drug therapy. Each time, the I Tod haemolyzate was centrifuged at 20,000 x g : 
for 20 minutes. The supernatant T;s discarded and the pellet washed and recen 
trifuged 4 to 5 times in the same Tris buffer, and 2mM NaCl. Before each wash 
the pellet was homogenized in a power driven Teflon-pestle homogenizer for 5 
minutes to ensure complete disrc : ion of blood cells. The reddish-white pellet 2] 
obtained in final centrifugation wa. collected and stored at -10°C as the erythro¬ 
cyte ghost preparation, and used a s the source of ATPase activity. . 

Muscles were macerated in 10 volumes of 0.1 M cold Tris buffer, pH 7.2, 
with 0.25M sucrose preliminary to separation of the membrane fractions by centri¬ 
fugation. The slurry was first centrifuged 600 x g for 20 minutes . The pellet was 
rejected and the supernatant dialyzed against the same Tris-sucrose buffer with' 

5mM Na2EDTA for 4 hours. Afterward the dialysates were centrifuged 10,000 x 
g and 20, 000 x g for 30 minutes, and each time the pellets were discarded. This 
supernatant was dien centrifuged in 10 ml tubes at 80, 000 x g for 30 minutes and 
again 100,000 x g for 70 minutes. The 100; 000 x g pellet was resuspended in 2 ml 
Tris-sucrose buffer, pH 7.2, as the enzymatically active fraction (sarcoplasmic , 
reticulum). " ’/ . . 

ATPase activity was measured as inorganic phosphate evolved in reaction 
mixtures containing 0.1 ml of enzyme preparation (ghost or membrane fraction), 

0.8 ml substrate (0.1 M Tris-sucrose buffer, pH 7.2, with'Na^TP fo.3 mg/ml 
of reaction mixture] together with 0.001 M MgCl 2 , 0.002M KC1, 0.001M NaCl), ' 

0.1 ml water or of inhibitor in water . Multiple reactions were run so that they 
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might be taken as samples in sequence to allow consideration of the extent of reaction 
as a function of time. Reaction mixtures were incubated at 42°. After incubation; 

0.1 ml of 50% trichloroacetic acid was added and the mixture was centrifuged at ^ 
600 x g for 6 minutes. The supernatant was assayed for inorganic phosphate. Q 
Protein was determined in sample aliquots of the enzyme preparation. ® 
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Results 


' Blood was drawn from each of tRe animals before the initiation of the admin¬ 
istration of diazacholesterol.' At this time erythrocyte-ghost ATPase activity 
was inhibited by 10"^ M ouabain in the incubation mixture, without exception. 

In the first experimental group, animals receiving 5 mg daily doses, the erythro¬ 
cyte adenosine triphosphatase activity was stimulated by ouabain, rather than 
inhibited as were the control preparations. This was true also of preparations 
from blood of rabbits in experimental Group II, which had received larger doses. 
These data are presented in Table I. 

Muscular weakness began the 4th day of drug administration and became pro¬ 
gressively severe. This was accompanied by an apparent muscle atrophy. 

V Figure 1A is a graphic representation of the result of a series of experiments 
in which ATPase activity of ghosts was plotted as a function of time and compared 1 
(dotted line) with a similar series, using ghosts prepared from the same animal, 
in which the catalytic activity was inhibited by 10"^ M ouabain. Identical experi¬ 
ments using preparations from animals which had been carried on courses of ad¬ 
ministration of 20, 25 diazacholesterol are presented by Figures 1 B and 1 C. The 
effect of ouabain here was to stimulate rather than to inhibit the ATPase activity. 
The results of the drug course upon the 100,000 x g muscle fraction ( sarcoplasmic 
reticulum ) ATPase was similar to that upon the red-blood-cell ATPase; enzyme 
activity of control animals was inhibited while that of the experimental animals was 
stimulated. Data obtained in representative series of experiments is presented in 
Figure 2. ■ ; 

Discussion 

The characteristic response of membrane ATPase systems to ouabain is an 
inhibition of the rate of catalytic hydrolysis of ATP. Enzymatic activity of ghost 
preparations and a muscle membrane fraction from untreated rabbits was inhibited 
by ouabain. Sustained treatment of animals with 20, 25 diazacholesterol changed 
the character of the ATPase activity such that a stimulation of the catalytic rate 
was effected by the presence of ouabain in the incubation mixture. We have 
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suggested^* ' that die ATPase response to ouabain is a reflection of the conformation 



of the enzyme which it derives in part from its association with the membrane. 



* Myopathic changes in skeletal muscle following the administration of cortico 
I steroids has been discussed by A wad, et al.^ In their experimental work the 
possibility of neural induction of the observed myopathy was eliminated and they 
concluded that steroid myopathy is a primary muscular disorder. 




: The use of 20,25 diazacholesteroi as a cholesterol lowering agent was discon¬ 
tinued in medical practice when it became known that the site of action was at the 
point of conversion of desmosterol to cholesterol resulting in the accumulation of 
desmosterol. The present results which show an effect upon membrane related! ion 
transport enzyme (Na + + K + -ATPase } may provide an element of support to the 
thesis that diazacholesteroi causes myotonia by affecting the muscle membrane 
system. Such an effect could conceivably follow a change in the lipid pool from 
which the membrane elements in turn are synthesized. It is known that the ATPase 
activity is affected by changes in the lipid components of the membrane.® The 
interrelationship of lipid pool to functional membrane is a matter which requires, 
and is subject to, direct experimental test. 

Rabbits in the experimental groups visibly showed indications of changes in ; 
muscle tone which may relate to the observations of Winer, et al.® that the diaza- . 
cholesterol is capable of inducing myotonia. The transport ATPase response to 
ouabain which we have found in erythrocytes from myotonic patients^ is paralleled 
by the present experimental results in the diazacholesteroi-treated rabbit. These 
findings accord with the common supposition that myotonia involves aberrant trans¬ 
port phenomena and appears to indicate that diazacholesteroi administration directly 
affects the membrane transport system. 
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Table I. Effects of ouabain upon A'TPase activity* (Mmoles Pi/mg Protein/min) 
of erythrocyte ghosts. (Group I animals received 5 mg diazacholesterol/day; 
Group II progressively increasing coses 10-50 mg/day; Group III, controls.) 


Group L 
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Activity 

■: . ' a.'- A/ ' 

Identification 

Drug administered 

Control 

CXiabain 10“ 4 M 

% stimulation 
inhibition 

: ‘. " 1 ' 

■ 35 mg 

0.20 

0.27 

+35 


• ' 65 mg 

0.22 

0.26 

+ 18 

ft k 2 

35 mg 

0.16 

- 0.17 

+ 6 


65 mg 

0.19 

0.21 

+ 10 


40 mg 

0.48 

0.47 

- 2 


65 mg 

0.26 

0.39 

+ 50 

: 4 . 

'V'. 40 mg 

0.19 

0.19 

+ 0 


65 mg 

0.40 

0.59 

+47 

5 ' 

65 mg 

0.23 

0.35 

+ 52 


Group II. 


6 

140 mg 

0.21 

0.25 

+ 19 


360 mg 

0.39 

0.36 

- 7 

7 

140 mg 

0.13 

0.15 

+15 


360 mg 

0.32 

0.36 

+ 12 

8 

180 mg 

0.29 

0.46 

+ 58 


360 mg 

0.28 

0.55 

+96 

a- 9 

360 mg 

0.24 

0.49 

: +104 

10 

310 mg 

0.15 

0.24 

+60 


360 mg 

0.21 

0.32 

+ 52 

Group III. 





11 


0.14 

0.11 

-21 

12 


0.16 

0.11 

• 25 

13 


0.14 

0.06 

-57 

15 


0.15 

0.12 

-20 

17 


0.44 

0.28 

-36 


Upon^ the basis of 40 minute incubation. 
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(Abstract) 






' : ■■■ * ■':.•■ ■ : - : ; •' ' ‘ ; : '■ ;: "' 

ATPase activity of erythrocyte ghost preparations and of a muscle membrane 

fraction (sarcoplasmic reticulum) from untreated rabbits was inhibited by .the 
- cardiac glycoside, ouabain.. Sustained treatment of animals with 20,25 diaza- ';f 
cholesterol, reported by Winer et al., (this Journal, 66: 758, 19651 to in- " 
duce myotonia, changed the character of the ATPase activity of identical . •' V 
preparations such that a stimulation of the catalytic rate was effected by the ■ 
presence of ouabain in the incubation mixture. We have earlier suggested 1 \ . ' ^f§||r 

that the ATPase response to ouabain is a reflection of the conformation of the . b.-. *«§ 

enzyme which it derives in part from its association with the membrane. The -'kkkjM 

'present findings accord with the common supposition that myotonia involves . 

aberrant transport phenomena and appears to indicate that diazacholesterol -jr 
administration directly affects the membrane transport system. 








